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ABSTRACT 
This r epor t desc r ibes the a r e a in tegra tor , an electronic device developed to 
siamplify computations of r ada r - ind ica t ed a r e a l mean rainfal l from P P I da ta . Basical ly , 
the in tegra tor computes the a r e a over which precipi tat ion is occur r ing and mul t ip l i e s 
this a r ea by the precipi ta t ion r a t e , the product represen t ing the volume of precipi ta t ion 
over the given a r e a . Consecutive one-minute volume computations a r e totalized to 
obtain s torm mean ra infa l l . 
At p resen t the a r e a in tegra tor opera tes only over a selected 100 square mi le 
watershed which is p r e s e t for ana lys i s by the r ada r o p e r a t o r . However, the i n s t ru -
ment can be refined to operate over e i ther l a rge r a r e a s or seve ra l se lec ted a r e a s at 
a given t ime . 
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INTRODUCTION 
The Illinois State Water Survey and the U. S. A r m y Signal Corps have been 
jointly in teres ted in developing a device to compute the a r e a l m e a n rainfal l from 
information supplied by a r a d a r . In 1952, work was begun on the a r e a in tegra tor . 
The f i r s t vers ion was t r i ed out in 1953 and found to be inadequate . Severa l modi-
fications and redesigns were neces sa ry . In the s u m m e r of 1954, a second ve r s ion 
of the integrator was tes ted . The second vers ion worked be t te r than the f i rs t , but 
it had one ser ious drawback; namely, it m e a s u r e d the instantaneous instead of the 
average r e t u r n power as requi red by theory . This deficiency was not co r rec ted 
until near the end of the 1954 thunders to rm season . Insufficient data have been 
taken since that t ime to evaluate the p r e sen t in tegra tor fully. However, in tes ts 
made with noise genera to r s s imulat ing rainfal l r e t u r n , the in tegra tor has per-
formed sa t i s fac tor i ly . 
Included in this r e p o r t a r e the design considera t ions and theory on which 
the construct ion of the final ve rs ion was based. The two sect ions on Area Integrator 
Technique and General Theory contain the theore t ica l p roblems and the methods of 
solutions which were used in the a r e a in tegra tor . The Area Integrator Schematic 
sect ion outlines the c i rcu i t s which were designed and cons t ruc ted . A genera l ex-
planation of its operat ion is p resen ted . The final sec t ion contains some notes and 
observat ions on the extension of this bas ic technique to l a rge r a r e a s . 
PAST ANALYTICAL TECHNIQUE 
The technique employed by the Illinois State Water Survey in analyzing a r e a l 
rainfall amounts as indicated by radar has involved long and difficult analysis pro-
cedure s . An automatic c a m e r a and r ece ive r sens i t iv i ty cont ro l were used to ob-
tain a se t of isoecho contours (contours of equal rece ived power) from the r a d a r 
plan position indicator (PPI) . The automatic r ece ive r sens i t iv i ty control provided 
a s e r i e s of gain s teps of success ive ly reduced sensi t iv i ty . The P P I was photo-
graphed at each gain se t t ing . Depending upon the s t o r m intensi ty, a s e r i e s of th ree 
to ten p ic tures was obtained for each minute the r a d a r echo was over the selected 
watershed . Each p ic ture was enlarged 50 t imes and the outline of the echo was 
t r aced onto a map of the watershed . This provided an isoechc contour map for 
each minute during a s t o r m . Radar- indicated rainfall intensi t ies for each contour 
were then obtained by substi tut ing the appropr ia te value of received power for the 
given contour into a r a d a r rainfall equation of the famil iar form: 
where P r and P t a r e rece ived and t ransmi t ted power ; I is rainfal l intensi ty; R is 
r ange ; and A and B a r e cons tan ts . 
The one minute isoecho maps were then p lanimetered to obtain the a r e a 
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within each radar - ind ica ted rainfal l intensity contour and the average rainfal l amount 
for the given minute calculated. These one minute amounts were totaled for the 
duration of a s t o r m to obtain the total mean rainfal l for the watershed as indicated 
by the r a d a r . This value obtained by radar was then compared with the total ra infal l , 
as r eco rded by a network of ra ingages , to evaluate the accuracy and re l iab i l i ty of 
the r a d a r as a quantitative precipi ta t ion measu r ing device. The large amount of 
t ime-consuming labor involved is immedia te ly evident. 
F igure 1 is an example of a precipi ta t ion echo pat tern as presented on the 
PPI r a d a r indicator when the r ece ive r sensi t ivi ty is reduced by p rogress ive s t e p s . 
On s tep 1, the r ece ive r operates on maximum sens i t iv i ty (100 db below one m i l l i -
watt s ignal is r equ i red to produce a threshold s ignal) . The c i rc les a r e 10 nau t i ca l -
mile range m a r k e r s . The precipi ta t ion echoes extend ac ros s the scope, the n e a r e s t 
edge being lost in the ground r e t u r n in the immedia te vicinity of the r ada r s e t . On 
step 3 a s ignal amplitude of 84 dbm produces a threshold signal on the scope . This 
indicates a reduct ion of 16 db in r ece ive r sens i t iv i ty . In other words , for a s ignal 
to produce a ba re ly visible image on step 3, it m u s t be 16 db higher in ampli tude 
than the s ignal ampli tude required to produce a threshold image on step 1. The 
r ece ive r sensi t ivi ty is further reduced through a s e r i e s of s t eps , until on s t ep 7 
( rece iver sensi t iv i ty 60 dbm), only one sma l l echo at 320° and 8 mi les is v i s ib le . 
With this technique, not only is the outline of the ent i re precipi ta t ion a rea obtained, 
but a l so the location and intensity of the co res of heavier precipi ta t ion within the 
main body of the s t o r m a r e defined. 
One note of caution should be mentioned about observat ions of the P P I in this 
s e r i e s of p i c tu res , and that is the effect of range upon the r ada r observa t ions . F o r 
a given rainfal l intensi ty, the amplitude of the s ignal at the r ada r (assuming tha t the 
precipi ta t ion echo completely fills the radar beam) will be inverse ly p ropor t iona l to 
the range squared . On step 6 in figure 1, for example , only a s e r i e s of echoes in-
side the 20-mile range m a r k e r a r e showing. I t should not be assumed that these 
r e p r e s e n t a heavier rainfall intensi ty than those observed at 30 mi les until the ef-
fect of the range is computed. 
AREA INTEGRATOR TECHNIQUE 
The a r e a in tegra tor was f i r s t envisioned as a device for obtaining the a r e a of 
the precipi ta t ion echo over the network on each s t ep . This would el iminate en la rg ing , 
copying, and planimeter ing the r a d a r pa t t e rns . Investigation revealed that by judicious 
se lec t ion of the r ece ive r sensi t iv i ty on each s tep , and addition of weighting c i r c u i t s , 
the final number produced for the per iod of the s t o r m would be propor t ional to the 
total ra infa l l . 
One method of measur ing the a r ea of an i r r e g u l a r l y shaped figure (often used 
FIG. 1 RAIN INTENSITY PATTERNS AS PRESENTED ON THE PPI 
SCOPE WITH THE AUTOMATIC SENSITIVITY CONTROL 
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in graphica l analysis methods) is to divide the figure into s m a l l equal s q u a r e s . The 
a r e a of the i r r egu la r ly shaped a r e a is obtained by counting the number of s q u a r e s 
enclosed and multiplying by the a r e a of one squa re . If a pulse were produced for 
each square , the total number of pulses would be propor t ional to the total a r e a 
enclosed. This is essent ia l ly the m e a s u r i n g technique used by the a r ea i n t eg ra to r ; 
however, r a the r than a rec tangular coordinate sys tem, a polar coordinate s y s t e m 
is m o r e convenient s ince the r a d a r scans in a polar m a n n e r . 
Instead of dividing the a r e a under observat ion into a s e r i e s of s m a l l s q u a r e s , 
as in the rectangular c a se , the a r e a is divided into a group of equal a reas of the 
shape shown in figure 2. The heavy line indicates an a r e a which might be under 
m e a s u r e m e n t . 
FIG. 2 GRAPHICAL METHOD OF DETERMINING AREA 
The angle between two success ive radia l lines is de termined by the fraction of a 
degree through which the antenna rota tes between two success ive t r a n s m i t t e r pulses 
(with the radar s e t AN/APS- 15 this is approximate ly 0.26 degree) . The r a d i a l 
dis tances between the c i rcu la r l ines a re decreased with increas ing range to keep 
the inc rementa l a r ea s equal . 
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GENERAL THEORY 
The following section is intended to show the approximat ions which the in te -
gra to r makes and to define p r ec i s e ly what the in tegrator a c c o m p l i s h e s . The ac tua l 
functioning of the in tegra tor c i r cu i t is p resen ted in the section, "Area In tegra tor 
Schemat ic" . 
The in tegra tor is essen t ia l ly a computer which solves an in tegra l equation 
of the form 
(1) 
where I (r , e, t) is the actual ra in intensi ty in inches per hour at space coord ina tes r , 
e and at t ime, t . This is the same equation which is approximated by the i soecho 
evaluation p roces s previously d i scussed . The time integrat ion is pe r fo rmed by an 
approximation using t = 1 minu te . Then (1) becomes 
(2) 
where t is measu red in m i n u t e s . Each qn , one minute amount, r e q u i r e s 30 to 55 
seconds to evaluate depending upon the maximum rainfall r a t e , which de t e rmines 
the number of gain s teps r equ i r ed . The l imi ts f1 (a), f2 (e), e1 and e2 a r e r e -
s t r i c ted by the boundar ies cf the watershed, and a r e r e s t r i c t e d in the in tegra to r 
by a range-az imuth gating c i r c u i t . The evaluation of the qn 's is the most difficult 
port ion of the i n t eg ra to r ' s opera t ion . 
Evaluation of One Minute Rainfall Amounts 
F r o m (2) qn is defined by 
evaluated at time equal to the n t h minu te . This may be writ ten: 
(3) 
Let us examine specifically how and f2 a r e de te rmined in the ma themat i ca l 
s ense . If the function I (r, t) is se t equal to z e r o (the lower l imit of the z in tegra -
tion), the solution for r and desc r ibes a c losed cu rve in the base plane. There is 
a maximum and a minimum value of since I(r, t) is r e s t r i c t e d to the reg ion of 
the wate rshed . Let the maximum and minimum of occur; at and  
respect ively . Then between and there a r e two cu rves descr ibed by 
Let these curves be r ep resen ted by and and l e t 
for This p rocedure de sc r ibe s the l imi t s of 
in tegrat ion. 
This function may be writ ten as follows: 
(4) 
The f i rs t in tegra l on the r ight hand side of (4) is equal to the volume of the 
surface descr ibed by the base plane, a plane pa ra l l e l to the base with height K1 , 
and the surface Likewise the second in tegra l represen ts the 
volume of the section of between I = K1 and I = K2. Thus (4) 
r e p r e s e n t s the volume of the surface above the base p lane . 
It will be advantageous to examine a graphical r ep re sen t a t i on of (4). Let 
F igure 3 r e p r e s e n t a solid in cyl indr ica l coordinates ; I (r , t), a function of 
r and r e p r e s e n t s rainfall intensi ty. The volume of the surface is r equ i red and 
is given by: 
(5) 
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This can be approximated by taking the a r e a of the base of section 1 (see F i g u r e 3) 
and multiplying by h1; adding to this the product of the a r ea of sect ion 2 and h2, and 
continuing for a l l steps. Analytically 
(6) 
It wi l l new be shown that (6) is an approximation to (4). 
Consider : 
(7) 
This differs from the f i rs t in tegral in (4) in that the l imi ts a r e slightly different and 
the integrand after the f i rs t integrat ion is a s sumed to be a constant . The in tegrand 
after the f i r s t integrat ion in the t rue express ion is equal to K1 for values of r and 
such that I (r, t } = K1. The l imi ts of integrat ion can be chosen in such a way 
as to minimize the e r r o r due to points where . Thus, le t the l imi t s 
be defined by the same p r o c e s s as previously d i scussed but with 
The sequence L is cal led the sequence of threshold values , and the sequence K is 
ca l led the sequence of computational v a l u e s . The sequence L is the sequence of 
sensi t iv i t ies at which the in tegra tor sensi t ivi ty levels will be s e t . Thus, the a r e a 
of an echo is computed at an L value and mult ipl ied by an intensity from the K 
sequence . This method minimizies the approximat ions in (6), and makes (6) an 
approximation to (4) since each in tegra l in (6) is a c lose approximation to the 
assoc ia ted integral in (4). The L. values may be thought of as the values which 
de te rmine the l imits of in tegrat ion. The K sequence or computational va lues 
were determined by two fac to r s . The dis t r ibut ion of ra in amount v e r s u s r a t e 
was cons ide red ; 1 a lso, the K's were chosen so that simple divider r a t ios of 
mul t ip les of two could be used . Table 1 indicates the choice of the computat ion 
v a l u e s . 
FIG. 3 ISOMETRIC REPRESENTATION OF A STORM 
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T h i s w i l l r e p r e s e n t the s t o r m a n d i t w i l l b e a r b i t r a r i l y a s s u m e d tha t the m a x i m u m 
r a t e i s I = 3 i n / h r . T h e o r e t i c a l l y , the i n t e g r a t o r s h o u l d e v a l u a t e the e x p r e s s i o n 
(8) 
To d e t e r m i n e the ou tput of the i n t e g r a t o r wi th i t s f ini te s teps , the a r e a of 
the s e c t i o n of the c u r v e c o r r e s p o n d i n g to t h r e s h o l d I i s e v a l u a t e d a n d m u l t i p l i e d 
b y the compu ta t i ona l i n t e n s i t y , K . The r e s u l t s o f t h e s e c a l c u l a t i o n s a r e c o m p a r e d 
wi th the t h e o r e t i c a l l y c o r r e c t v a l u e i n T a b l e 2 . 
The equations for the other two configurations examined a r e ( sphere) 
a.nd I = 3 - r (cone). The r e su l t s of these calculat ions a r e presented in Table 2. 
The configurations examined were chosen with their c e n t e r s at the or igin for con-
venience . There would be no change if the f igures w e r e not centered on the or ig in 
since the volume of a solid is invar iant under a t rans la t ion of the a x e s . Also s ince 
the a r e a s of s l ices equidistant f rom the base of the object a r e invar iant under t r a n s -
lation, the r e su l t s a r e general for the f igures r e g a r d l e s s of their location with r e s p e c t 
to the or ig in . 
T A B L E 2 
COMPARISONS OF R E S U L T S OF C A L C U L A T I O N S USING 
THRESHOLD S E Q U E N C E S SHOWN IN T A B L E 3 
Type C a s e A B C D 
h y b e r b o l o i d + 4 . 3 8 % 4 . 7 5 % - 2 % - 2 6 % 
s p h e r e - 2 . 0 5 % - 2 . 3 1 % +0. 3% - 1 . 7 1 % 
cone + 4 . 3 8 % + 4 . 8 6 % - 1 . 0 9 % - 1 8 . 5 % 
The four s e t s o f t h r e s h o l d v a l u e s u s e d a r e shown in Table 3 . In c a s e s A and 
B , two a d j a c e n t t h r e s h o l d l e v e l s a r e a v e r a g e d to o b t a i n the c o m p u t a t i o n a l v a l u e . I n  
case C two ad j acen t c o m p u t a t i o n a l v a l u e s a r e a v e r a g e d to ob ta in the t h r e s h o l d v a l u e s . 
t o c a s e D the t h r e s h o l d va lue w a s a s s u m e d e q u a l t o the c o m p u t a t i o n a l v a l u e . 
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It can easily be seen that the errors can be made smaller by choosing L's 
different from K's. Case D has definitely the greatest deviation. Between cases 
A and B there is not much difference. Case C seemed to show the least amount 
of error for cases examined, and thus it -was chosen for integrator operation. 
After these approximations, the evaluation must still be made of an integral 
of the form 
The integrator is a sampling type device . It samples a selected point and 
answers the question, "Is there or is there not an echo at this po in t?" The i-f 
s t r ip used in the in tegra tor has a l inear response , saturat ing if the input s ignal 
is about 10 db above threshold sensi t iv i ty . Since this is the case , values of 
(9) 
TABLE 3 
THRESHOLD SEQUENCES 
Step A B C D 
1 . 0 5 . 0 3 . 0 5 . 1 
2 . 1 5 . 1 7 . 2 . 3 
3 . 4 5 . 4 3 . 4 . 5 
4 . 5 5 . 5 7 . 6 . 7 
5 . 8 5 . 8 3 . 9 1.1 
6 1.35 1.37 1.3 1 .5 
7 1.65 1.63 1.9 2 . 3 
8 2 .95 2.97 2 . 7 3 . 1 
9 3.25 3.23 3 . 9 4 . 7 
10 6.15 6.17 6 . 3 7 . 9 
11 9.65 9.63 8 . 7 9 . 5 
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received power g rea t e r than 10 db above threshold sensi t ivi ty cannot be evaluated 
in one antenna scan; therefore , only the proper ty of whether or not a signal is 
present is used . By stepping r ece ive r sensit ivity down in s teps this difficulty c a n 
he dec reased . Then the proper ty of existence of a signal is used to indicate in-
tensi ty. Thus if a s ignal appears on one sensi t ivi ty s tep and not on the next lower 
sensitivity, i t ha s a power re tu rn which is between the two sensi t ivi ty l eve l s . Each 
time the in tegra tor an swer s the question "yes , t he re is an echo at a poin t , " it 
adds one count to the coun t e r s . Each of these counts r e p r e s e n t s an a r e a of a given 
rainfall r a t e . The points at which these samples or counts a r e taken is de te rmined 
by the range osc i l l a to r . If the in tegra l to be evaluated was 
and the approximation 
is made, r and could r ema in the same throughout the en t i re a r e a and the 
count would be propor t ional to the ac tual in tegral , s ince the number of t e r m s (L, M) 
would va ry with the s ize of the echo. F o r example , if the single in tegra l is examined 
and it is a s sumed that is a constant . 
so that the number the in tegra tor a r r i v e s at is propor t ional to r2 - r1 . That is what 
was done ini t ia l ly . To c o r r e c t for this e r r o r cons ider the integral : 
(11) 
At each point of the in tegrator ei ther en t e r s a count or does not enter a count, 
so that if the spacing of is changed, the r a t e of counting is changed. Let rn 
be the n th point which the in tegra tor s a m p l e s . 
(10) 
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Let = nk (12) 
then = (n + 1) K (13) 
Subtracting (12) from (13) 
(14) 
and defining (15) 
we have (16) 
If rn 1 , then rn + 1 is near the same s ize as rn , then (16) becomes 
(17) 
The in tegra tor en te rs a. count of nr2 - nr1 where is the number of r ' s 
in the in terval from r = 0 to r = r1; s imi la r i ly is defined. Therefore , the 
in tegra tor counts 
(18) 
That i s , the counts a re d i rect ly propor t ional to the t rue value of 
The co r r ec t ion of the size of is accomplished by varying the frequency of 
the range osci l la tor with range by a c i rcu i t known as the subtended angle c o r r e c t i o n 
uni t . The operation of this c i r cu i t is d iscussed in the a rea in tegra tor schemat ic 
sect ion. 
Digital Technique E r r o r s 
E r r o r s in est imation of rd rd e by a digital technique were computed and 
compared with labora tory m e a s u r e m e n t s . F o r a single measu remen t of a single 
a r e a in question, the value of e r r o r might be as g rea t as 10 percent from the t rue 
value for a smal l a r e a . However, after s eve ra l m e a s u r e m e n t s the e r r o r would tend 
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to d e c r e a s e . These r e su l t s were substant iated by d i rec t ca lcula t ion and by e x p e r i -
ment. 
The calculat ions were c a r r i e d out in the following manner : a s s u m e an a r e a 
as shown in F igu re 5. 
FIG.5 GRAPHICAL REPRE SENTATION 
OF INCREMENTAL AREA 
There a r e 1685 sweeps per revolution of the antenna so the number of sweeps on 
the a r e a is = 13.41 sweeps . This means that in any one scan of the 
antenna, there wil l be ei ther 13 or 14 sweeps on the a r e a . F u r t h e r m o r e , s ince 
the probabil i ty of any given sweep being at a given posit ion is equally likely for 
al l posi t ions, the probabil i ty of 13 sweeps is 0.59 and the probabil i ty of 14 
sweeps is 0 . 4 1 . In t ime, the a r e a is 12.36 mic roseconds deep which c o r r e s -
ponds to one naut ical m i l e . Assuming that the sampling in te rva l is constant 
and equal to one microsecond, there is the possibi l i ty that on one sweep there 
a r e e i ther 13 or 12 pu lses fed to the counter . Again assuming completely random 
distr ibution of the f i r s t pulse in t ime , the probabi l i ty of 13 is 0.36 and probabi l i ty 
of 12 is 0 .64 . Combining these probabi l i t ies in the p roper manne r and plotting 
the probabil i ty v e r s u s the number of counts yields F igure 6. The most des i r ed 
number is 12.36 (13.41) = 166, s ince this is the number which would be obtained 
if the in tegra tor were not a digital device . 
FIG. 6 PROBABILITY OF A GIVEN COUNT OCCURRING IN A I SQUARE MILE AREA 
F o r l a rge r a r e a s the percen t deviation is cons iderably d e c r e a s e d . To 
estimate, the e r r o r for a l a rge r a r e a , the following assumpt ions were m a d e . F i r s t , 
instead of t reat ing an a r e a in polar form such as was done on the s m a l l a r e a , an 
a r e a in rec tangula r form was approximated. If the a r e a had been cons idered in 
polar form, some means of cor rec t ing for change in inc rementa l a r e a s with range 
would be r equ i r ed . This is difficult to handle mathemat ica l ly . Instead, an a r e a 
of 10 mi les on a side was used, and it was a s sumed that the sweep scanned the 
a r e a along l ines pa ra l l e l to one of the s i d e s . Second, a n o r m a l or Gaussian d i s -
tr ibutien was a s sumed for the numbers that would r e p r e s e n t the a r e a . This a s -
sumption is probably ve ry good, s ince , even on the smal l a r e a , the cu rves can be 
ve ry c losely approximated by Gaussian c u r v e s . 
The thi rd assumption was that there would be 134. 1 sweeps of the a r e a . 
This number was chosen since the a r e a under examination is a s sumed to be ten 
times g rea te r than the sma l l e r a r e a and there were 13.41 sweeps on the sma l l e r 
a r e a . The time depth of the a r e a was chosen as 123.6 mic roseconds ; therefore , 
the des i red value far the a r e a would be ( 123.6) (134.1) = I6 ,574 .76 
If there a r e 134 sweeps on the network the mos t probable number of counts would 
be 16, 562. This number was determined by finding the maximum of 
b(X) = p(123)n p(124)134-n, where n is the number of sweeps which count 
123 and X = 123 n + 1 2 4 ( l 3 4 - n ) . A n o r m a l distr ibution was assumed for p(x) 
and knowing the probabil i ty of the mos t probable number , the value of the s tandard 
deviation was ca lcula ted . The same procedure was used to calculate the dis tr ibut ion 
when there were 135 sweeps on the network. The two dis t r ibut ions were then com-
bined by mea.ns of the probabi l i t ies of 134 and 135 sweeps on the network. The 
resul tan t dis tr ibut ion is of the same genera l shape as figure 6. The maximum 
P r e s c r i b e d 
l imi t s 
Pe rcen tage of t ime a 
single reading will be 
within p r e s c r i b e d l imi ts 
10% 100% 
5% 62 .5% 
3% 58% 
1% 40 .4% 
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The des i r ed number , 166, is used as a re fe rence for Table 4. 
TABLE 4 
ESTIMATES OF DIGITAL TECHNIQUE ERRORS 
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probabil i ty points of the two p a r t s a r e at 16, 677 and 16, 562 with s tandard deviations 
of 20 and 5.7, respect ive ly . The des i red or c o r r e c t value is 16, 574, and the 
m e a s u r e d value will be within 1% of this value m o r e than 99% of the t ime . 
Experimental ly, these r e su l t s were substantiated by feeding a video signal 
of known duration into the in tegra to r . F o r a 36 square mile a r ea , the counts var ied 
from 3,217 to 3,270 for 25 r ead ings . This is a maximum deviation of 0 .83 pe rcen t 
around the average or des i r ed value. F o r a 3. 5 square mi le a r ea , the counts var ied 
from 300 to 353 counts for 33 readings , which is a deviation around the de s i r ed value 
of 9 percen t . 
Es t ima t ion of Rainfall Ra tes 
The function I (r , , t) r e p r e s e n t s the actual rainfal l r a t e at a point r, 
in space and at t ime, t. This value mus t be obtained by m e a s u r e m e n t of the r a d a r 
p a r a m e t e r s . Equations of the form 
have been determined theoret ical ly and exper imenta l ly . P r r e p r e s e n t s a t ime average 
of the radar r e tu rn power from a point with coordinates r and . Of c o u r s e , there 
is an ambiguity in the values of r and at any instant of r e t u r n due to pulse 
width and beam width . Thus, at any instant of r e tu rn , there is actually a cont r ibu-
tion from a volume in space . This amounts to an integrat ion or averaging to some 
extent . However, even with this averaging, an examination of a ra in signal on an 
'A' type presentat ion will soon show that there is considerable var ia t ion in the r e t u r n 
at one point. 
At f i rs t an at tempt was made to ignore the var ia t ions and hope that by making 
enough measu remen t s at nearby points , a reasonable answer might r e s u l t . This 
was found to be a vain hope. Due to the manner of sampling, which amounts to 
determining the number of finite points above a given level, the average level could 
not be determined without making another m e a s u r e m e n t of the number of finite 
points over which there was some echo, but whose amplitude was l e s s than the 
given level . With both m e a s u r e m e n t s made and assuming a homogeneous r a i n over -
a l l a r e a of rainfall within the network, the average power could be found in t e r m s 
of the threshold level by using an integrat ion of the f i r s t probabil i ty d i s t r ibu t ion . 
Obviously this is not a p rac t i ca l r e su l t since few ra ins could be cal led homogeneous 
even in the weakest sense of the word . It was suggested by D r . Donald M. Swingle 
of the Evans Signal Labora tory that a low pass f i l ter be inser ted into the video 
sect ion to produce a range average s ignal . This was investigated and s eemed 
capable of producing resu l t s which could be in te rpre ted eas i ly . 
A filter can be made so that it will approximate an integrat ing dev ice . To 
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show this , a s s u m e a network whose output, Eo , is re la ted to the input, E i , by 
(19) 
To de termine the cha rac t e r i s t i c s of the four t e rmina l network, the LaP lace t r ans fo rm 
will be applied to both s i d e s . If the t r ans form of E o ( t ) is E o ( s ) and the t r ans fo rm 
of E i( t ) is E i ( s ) , then 
(20) 
The l a s t i n t eg ra l is z e r o since integrat ion over negat ive t ime (- t to 0 ) y ie lds 
z e r o . So the t r ans fe r function is 
(21) 
The m a g n i t u d e of the t r a n s f e r funct ion wou ld be 
(22) 
The t is i n s e r t e d in the denominator s ince tables of a r e ava i lab le . Then 
the at tenuation in db of the network would be 
(23) 
If the contr ibution due to 20 log t is neglected, s ince it r e m a i n s a constant and can 
be r ecove red by amplification, the attenuation can be plotted aga ins t frequency for 
any value of t. This has been done in figure 7 for a s econds . 
This value of t was chosen from exper imenta l data taken with a low pass f i l ter 
in the video s t r i p . A compromise was n e c e s s a r y between too much video s t re tch ing 
and insufficient t ime averag ing . 
The phase of the t ransfer function may a l so be calculated from (21) by 
replacing s by iw 
(24) 
Thus, if the angle of the t ransfer function is designated as , 
FIG. 7 COMPARISON OF ATTENUATION OF k DERIVED LOW PASS 
FILTER AND A 4 TERMINAL NETWORK WHOSE OUTPUT IS 
PROPORTIONAL TO THE INTEGRAL OF THE INPUT 
FIG. 8 COMPARISON OF k DERIVED LOW-PASS FILTER 
AND A 4 TERMINAL NETWORK WHOSE OUTPUT IS 
PROPORTIONAL TO THE INTEGRAL OF THE INPUT 
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Equation 23 is shown in figure 7 for the same t as above. A comparison of the 
filter phase shift is shown in figure 8. Very close agreement was found between 
the two sets of curves in the region below 10 kilocycles. Therefore, it would seem 
that the filter can actually represent, to the first approximation, a network whose 
output is proportional to the integral of the input. 
With such a network inserted in the video section, an output which is pro-
portional to the average of the input is obtained. For this average to be the correct 
average in the strictest sense of the word, the rain would have to be homogeneous 
throughout the sampling depth of 2.6 miles. While it is doubtful that this is ever 
obtained, especially in a thunderstorm-type rain, the errors in considering the 
sampling depth to be homogeneous seem to be reasonably small. With this depth 
there should be approximately 30 independent observations with a pulse width of 
-6 
2 10 seconds. This seems to be a large enough number so that the average is 
reasonably good. 
Some range distortion of signals results from an integrating device. To 
demonstrate this, consider a square wave input voltage whose leading edge is at 
t1. and trailing edge at t2. The output will be zero for all time previous to t1, 
since the integrand is identically zero. Starting at t1, the output will rise at a linear 
rate with a slope that is proportional to the amplitude of the input. The output will 
continue to rise until time t1 + t is reached. At this time the output will remain 
constant at a level proportional to the amplitude of the input. At time t2, the output 
will start decreasing with the negative of the rising slope and reach zero at time 
t2 + Thus, if the output width is measured from the point the signal leaves zero 
to the point where it returns to zero, the width will be  
The input length was just t2 - t1. However, if the output width is measured near 
or at the maximum output, the width will be In the 
integrator some of the step levels will measure near the base line, thus overestimate; 
and some of the step levels will measure near the top level, thus underestimate. The 
maximum absolute error in any one sweep will be 2.6 miles, which is very serious 
for small rainfall areas. However, with larger areas and with the circuits overesti-
mating part of the time and underestimating part of the time, it is felt that this error 
is not nearly as large as it seems. These relations between output and input voltages 
are shown graphically in figure 9. 
FIG.9 LOW PASS FILTER DISTORTION 
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CIRCUIT THEORY 
The simplified block d iagram (Fig . 10) is for the in tegra tor that has been 
designed and buil t for operat ion with an A N / A P S - 1 5 r a d a r . It could be made to op-
e ra te with other r a d a r se ts with a few minor changes . 
The signal from the r a d a r p re - i - f is fed into the in tegra tor i-f s t r i p . The 
gain of the s t r ip is control led by the p r o g r a m c i r c u i t . At the beginning of each 
one-minute in te rva l the gain will be a maximum of the 10 s teps for one complete 
antenna ro ta t ion . The sensit ivity of the f i r s t s tep is se t to allow ra in s ignals of 
0 .05 inch pe r hour intensity or higher to be detected in the in t eg ra to r . On the second 
scan the gain is dec reased so that only r a i n intensi t ies of 0.20 i n / h r or g r e a t e r a r e 
detected. This is continued for the number of s teps r equ i red to complete ly cut off 
r e t u r n from the ra in , with a maximum of 10 s teps allowed for this p u r p o s e . 
The output of the i-f s t r i p is fed through a low pass fi l ter into a video a m -
plifier and to a plan r epea t e r indica tor . The PRI, with ten-mi le ma rke r s and 
video, is photographed as a check on the in tegra to r p rope r and to r e c o r d the shape 
and position of the s t o r m . One stage of the video amplif ier is b iased below cut 
off so that only s ignals above g r a s s level d r ive the tube into conduction. Approxi-
mately four db of overa l l sensi t ivi ty of the in tegra to r is sacr i f iced in order that 
the g r a s s is not counted as r a i n . 
Since i t was des i r ed to m e a s u r e the echo a r e a over an i r r e g u l a r l y - s h a p e d 
watershed, a means of gating the signal in azimuth and range had to be developed. 
A technique s imi l a r to that used by the Raytheon Signal Simulator is u s e d . A mask , 
with a hole cu t in it to r e p r e s e n t the wate rshed , is placed over a PPI tube face . The 
sweep on the PPI contains no video but the br i l l i ance is turned up so a t r ace shows . 
A 931-A phototube is mounted in front of the mask so it has an output voltage only 
during the time that echoes could be re turn ing from over the w a t e r s h e d . This pulse 
voltage is amplified and fed to the f i r s t coincidence ampl i f ie r . The coincidence 
amplif ier a lso has a video input and, as i t s name impl ies , has an output only when 
video and phototube outputs co inc ide . This prevents any t a r g e t s , r a in or o therwise , 
from being in tegra ted unless they occur over the wa te r shed . Thus, the output of 
this stage wil l be only the echoes which occur over the wa te r shed . The echo will 
no longer have the cha rac t e r i s t i ca l ly lacy form but will be rec tangula r and with 
constant ampli tude, with the leading and t ra i l ing edges f luttering back and forth. 
F igu re 11 (a) r e p r e s e n t s a precipi tat ion echo on a no rma l "A" scope p resen ta t ion 
and 11 (b) is the same echo after passing through the f i r s t coincidence ampl i f i e r . 
F i g u r e 11 (c) shows the completed in tegra tor ins ta l la t ion. 
The output of coincidence amplif ier 1 is amplified and applied to the grid of 
coincidence ampli f ier 2. The other input to the second coincidence amplif ier sup-
pl ies pulses from the osc i l la tor in the subtended angle co r rec t ion uni t . The in-
t e rva l between pulses v a r i e s from 1.67 mic roseconds at the n e a r edge of the net -
work to 1.0 mic rosecond at the far edge. The output of this coincidence amplif ier 
FIG. 10 BLOCK DIAGRAM AREA INDICATOR 
FIG.11 (a),(b) SAMPLE- VIDEO RETURNS, (c) AREA INTEGRATOR 
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is a s e r i e s of pulses , the number of pulses being a function of the time length of 
the r ad ia l dis tance from the front to r e a r edge of the p a r t of the echo which is over 
the network and of the range of the echo. 
The output of the second coincidence amplif ier is amplified and fed to a chain 
of coun te r s . The output can be taken after a 1:1; 2 :1 ; 4 :1 ; 8:1; or 16:1 division 
takes p lace . To demonst ra te the need for these count r a t i o s , suppose that a given 
count on the m a i n counter co r responds to a given amount of ra in on the ground. As -
suming a rainfall ra te of 0. 3 i n / h r , then in a one minute t ime in terval there will 
be th ree t imes the amount of ra in as there would be with a ra te of 0.1 i n / h r . With 
the 0. 3 i n /h r rainfall r a t e , the in tegra tor will add a number of counts on s t ep 1 
just as if i t were only raining at 0.1 i n / h r . On step 2, this e r r o r mus t be c o r -
rec ted and enough counts added to make the total three t imes as much as was added 
on s tep 1. To do this, it mus t add twice as many counts on step 2 as it did on step 
1. To accomplish this, 8:1 division is used r a t h e r than the 16:1 division u s e d 
on s tep 1. In changing to the var ious s teps , fur ther use of this pr incipal is m a d e . 
The rainfall intensity as observed by r a d a r is a function of the produc t of 
rece ived echo power and the range squared, I = f (Pr R2 ). An isoecho contour 
r e p r e s e n t s a contour of equal rece ived signal amplitude; therefore , it will not 
cor respond with the isohyetal contour (contour of equal rainfall intensi ty) . To 
obtain an echo contour which will co r respond to an isohyetal contour, the r e -
ce iver sensi t ivi ty mus t be inc reased in synchronism with the r a d a r sweep in such 
a manner that the product of the rece ived power n e c e s s a r y to produce a given 
signal ampli tude, and the range squared, will r e m a i n constant; that i s , PmR2 
equals a constant . Pm is the rece ived echo power neces sa ry to produce a de tec t -
able s i g n a l . The c i rcu i t which pe r fo rms this function is called the range square 
co r rec t ion c i r c u i t . 
AREA INTEGRATOR SCHEMATIC 
The complete schematic d iagram of the a r e a integrator is not p r e s e n t e d . 
Only those c i r cu i t s that a re somewhat novel and that were designed and buil t by 
the Illinois State Water Survey a r e included in complete form. This sect ion will 
general ly follow the block d iagram (Fig. 10). 
I -F and Video Section 
The i-f s t r ip and video sect ion from a R78A/APS-15 r a d a r indicator a r e 
used in the in tegra to r . Some modifications were made on the s t r i p . The AFC 
section was removed ent i rely since the frequency control of the klys t ron is a c -
complished in the r ada r p rope r . The range squared cor rec t ion c i rcu i t and an 
output cathode follower were ins ta l led on the s t r i p . The output cathode follower 
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is fed f rom the output of the second detector and provides a low impedance negative 
output video without range m a r k s to the in t eg ra to r . The or ig inal cathode follower 
i s s t i l l used for the c a m e r a scope as range m a r k s a r e des i r ed t h e r e . 
Range Squared C o r r e c t i o n Unit 
The range squared co r r ec t ion unit (Figure 12) was designed to opera te over 
a 12 to 23 mile r ange . The product PmR2 is held constant over the 12 to 23 mi le 
range by inc reas ing the r ece ive r sensi t ivi ty in synchronism with the sweep . It is 
a re la t ive ly s imple sens i t iv i ty - t ime-con t ro l c i rcu i t 3 that produces a delayed negative 
sawtooth. The input to the c i r cu i t is the + 100 v modulator t r i g g e r . V714-A, 
normal ly cutoff by the fixed negative voltage on i ts gr id, conducts during the pos i -
tive pulse and cha rges C752 to approximate ly the same negative value as the cathode 
(pin 3). The set t ing of R757 de te rmines the potential on C752 and this de t e rmines 
the delay. 
The voltage on C752, immedia te ly after the t r ansmi t t e r pulse, is sufficiently 
negative to hold V714-B cutoff. C752 d ischarges through R759, R76l and R758 to 
provide a sawtooth waveform on the grid of V714-B. On the cathode of V714-B, 
there is no signal until the sawtooth r i s e s to cutoff and then the voltage on the cathode 
(pin 6) s t a r t s following the grid voltage. The final voltage on C752 is de te rmined 
by sett ing of R758. This adjusts the amplitude of the output since the voltage out 
is propor t ional to the difference between the cutoff value and the final value of grid 
vol tage . The delay of the c i r cu i t is de termined by the length of t ime, V714-B is 
held cutoff, which is propor t iona l to the amount C752 is charged during the t r a n s -
mi t t e r pu lse . R76l is adjusted to obtain the c o r r e c t slope of the output waveform. 
This m e r e l y changes the time constant of the d ischarge path of C752. 
The output of the c i r cu i t is applied to the f i r s t grid of the i-f s t r i p to change 
the gain of the i-f s t r ip in such a way as to compensate for range squared e r r o r . The 
c i rcu i t , when aligned, de l ivers a sawtooth which is about 1.4 vol ts in ampli tude, 
delayed 10 m i l e s in range , and is 15 m i l e s long. 
Although the wave form obtained from this c i r cu i t is not an exact co r r ec t i on 
for R2 , it is a v e r y good approximat ion. F igure 13 shows a compar i son of theore t -
ica l and actual change in sensi t ivi ty v e r s u s range to c o r r e c t for R2 . It should be 
noted that, although there is some deviation from the calculated cu rve , i t is a ve ry 
sma l l e r r o r and l ies within the l imi t s of measu r ing techniques used . Stability of 
the c i r cu i t is quite good, even though no prec is ion r e s i s t o r s or condensers have 
been used . 
Amplif iers and F i r s t Coincidence Amplifier 
Amplif iers and coincidence c i r cu i t s , s tages V1, V2, and V3, in figure 14, 
amplify and shape the video signal for the a r e a in tegra to r . The signal coming in 
FIG. 12 RANGE SQUARE CORRECTION UNIT 
FIG. 13 RANGE SQUARE CORRECTION 
FIG. 14 AMPLIFIERS AND COINCIDENCE AMPLIFIERS 
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is low in amplitude (4-6 volts); Tube V1 amplifies and i nve r t s the negat ive s ignal 
and applies the output to the gr id of V2, which is b iased below cutoff by the va r i ab le 
posi t ive voltage on i ts ca thode. The b ias is so adjusted that the no rma l g r a s s 
p r e s e n t on i t s grid is j u s t below cutoff, but any value of signal which p roduces 
pu l ses on the grid of V2 which a r e g r e a t e r than g r a s s level produce an output. This 
s tage h a s no gain, in fact, for m o s t s ignals there is at tenuat ion. The output is fed 
to the video gain potent iometer , then to a th i rd amplifier. The three s t ages have a 
voltage gain of about 65 for n o r m a l cont ro l set t ings and average input vo l tage . 
The output of V3 is clipped by the diode, 1N34, to l imi t the ampli tude of the 
video s ignal . The resu l t an t s ignal , as a l r e a d y i l lus t ra ted in f igure 11(b), is a square 
pulse with j i t t e r in the leading and t ra i l ing edges produced by the lacy c h a r a c t e r i s t i c 
of the precipi ta t ion s ignal . The signal is then fed to pin 5 of V6, the f i r s t coincidence 
ampl i f i e r . 
Range-Azimuth Gating 
The range-azimuth gating signal is the second input to the f i r s t coincidence 
ampli f ier (V6). Range and azimuth gating is obtained by using a masked P P I . A 
931 A phototube is d i rec ted toward the P P I which has no video but the br i l l iance 
is turned up to produce a vis ible t r a c e . The scope is covered by a m a s k with a 
hole cut in it to r e p r e s e n t the Goose C r e e k watershed . The phototube has a nega-
tive square wave output which is brought to the amplif ier chas s i s and p a s s e d 
through two s tages of conventional ampl i f ie rs and applied to pin 6 of the f i r s t c o -
incidence amplif ier (V6). This gating signal occurs only during the time that 
echoes could be re turn ing from over the w a t e r s h e d . The coincidence amplif ier 
has no output unless there a r e s ignals on both gr ids s imul taneously . Normal ly 
the r ight hand side of the stage is held below cutoff by the cathode voltage developed 
by c u r r e n t through the left hand side and through the b leeders R30, and R32. The 
signals on pin 5 a r e not g rea t enough to produce any conduction in the tube. When 
a signal comes in from the phototube, pin 6 is dr iven negative, cutt ing off the left 
hand side of V6. This reduces the cathode voltage to a point just above cutoff for 
the right hand s ide . At this time a positive signal on the r ight hand grid d r ives 
the tube into conduction and a negative output wave is produced. Thus, the output 
h a s a negative signal only at the time that both s ignals a r e p r e s e n t . In actuali ty, 
a v e r y slight negative square wave from the phototube c i r cu i t s is found to be coming 
through a l so . This is evidently from some s o r t of undesirable coupling, e i ther in 
the tube or in the associa ted components . Stage V7 amplif ies the output of the f i r s t 
coincidence amplif ier and the undesirable square wave is e l iminated by biasing the 
second section slightly below cutoff. The output of this stage is fed to the second 
coincidence amplif ier and also to another s tage of amplification, followed by a 
cathode follower, and the PRI scope . In this way the PRI shows only the video 
which is actually measu red by the in tegra to r . 
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Subtended Angle Cor rec t ion Unit 
The subtended angle co r rec t ion unit was designed and buil t to i nc r ea se the 
accuracy of the a rea m e a s u r i n g action of the a r e a in tegra to r . The r a d a r scans 
in an angular (polar coordinate) manner , so a given d iameter s t o r m will subtend 
a l a r g e r angle at close range than at a more dis tant range, and thus be observed 
for m o r e sweeps at the c lose r a n g e . The subtended angle co r r ec t i on unit p r o -
vides pulses whose spacings dec rease in range in synchronism with the r a d a r sweep 
in such a manner that a given echo size will produce the same number of pulses at 
any r ange . The presen t unit was designed to give co r r ec t ion f rom 15 to 25 m i l e s 
r a n g e . However, it is capable of providing co r r ec t ion over a maximum range to 
minimum range rat io of 5 to 1. 
The block d iagram (Figure 15) i l lus t ra tes the operation of the uni t . Through-
out the r e s t of the d iscuss ion of the subtended angle cor rec t ion unit, the t e rm sweep 
will re fer to the control sweep within the unit itself and not to the r a d a r sweep . 
The f i r s t stage is the sweep delay phantas t ron that delays the beginning of 
the sweep to br ing the s e r i e s of pulses into proper t ime posi t ion. The delay can 
be va r i ed from 10 to 16 mi les by the sweep delay con t ro l . The second stage c l ips 
and inver t s the differentiated output of the delay phantas t ron to obtain the p roper 
t r igger ing s ignal for the durat ion phantas t ron . 
The sweep duration phantas t ron governs the per iod of t ime , and thus the 
range, over which co r rec t ion wil l be made . The output signal of the sweep durat ion 
phantastron is applied as a gate to the boots t rap sweep genera tor , which genera tes 
a l inear sawtooth voltage, beginning at the time set by the sweep delay, and last ing 
for the time determined by the sweep durat ion. The fifth stage is the back slope 
genera tor that genera tes a l inear decay on the back of the sweep sawtooth to avoid 
the sha rp discontinuity at the end of the sawtooth. This allows a gradual decay of 
the s ignal which prevents r inging in the cont ro l winding of the Inc reduc to r . 
The t r iangular pulse is fed to a beam power amplif ier used as the c u r r e n t 
d r i ve r of the Increductor control c i r c u i t . It p roduces a c u r r e n t having the same 
wave form as the voltage input wave form. This c u r r e n t pa s se s through the con-
trol winding of the Increduc tor . 
The Increductor is an e lec t r i ca l ly var iable inductor . A cont ro l winding 
and the signal winding ut i l ize a common c o r e . The permeabi l i ty of the special 
core m a t e r i a l is control led by the cu r r en t flow in the control winding. The p a r -
t icular Increductor used is a TYPE XR-283 buil t by C . G . S . L a b o r a t o r i e s . The 
inductance can be var ied over approximately a 64:1 ra t io and v a r i e s inverse ly 
with the square of the cont ro l c u r r e n t to the f i r s t approximat ion. 
Stage 7 contains the osc i l l a tor c i rcu i t which genera tes the signal that is 
la ter formed into the s e r i e s of p u l s e s . It is a Colpi t ts type osc i l la tor using the 
signal winding of the Increductor as the inductance of the resonan t c i r cu i t . The 
FIG. 15 BLOCK DIAGRAM SUBTENDED ANGLE CORRECTION UNIT 
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c u r r e n t flow in the control winding cont ro ls the inductance of the signal winding 
and, thus, the frequency of the osc i l la tor . 
Stage 8 ac ts as a buffer stage to isolate the osci l la tor from the r emain ing 
c i r cu i t ry and also s e rves as a wave- shaping stage to cl ip and differentiate the sine 
wave. The differentiated s ignal is again clipped and amplif ied. A second s tage of 
amplification inver t s the pulses to give the des i red negative polar i ty . This s e r i e s 
of negative pulses is then coupled to a cathode follower to provide a low impedance 
output. 
F igu re 16 is the schematic of the subtended angle co r rec t ion uni t . The 
f i r s t and third s tages a r e the control phan tas t rons . Two disconnect diodes a r e 
used in each stage for g rea te r s tabil i ty. The sweep delay is control led by set t ing 
the conduction level of the plate diode with the potent iometer , R407. The sweep 
duration is control led by potent iometer , R418. Each of these s tages u s e s a 6AS6 
tube which has suppresso r grid control c h a r a c t e r i s t i c s . The pulse c l ipper and 
inver te r , V403, c l ips and differentiates the output of the sweep delay to provide 
the delayed t r igger for the sweep duration phantas t ron . 
The boots t rap sweep generator is a conventional type. The RC combina-
tion in the plate c i r cu i t of V407-A, C415 and R428, gives a smal l s tep in the 
beginning of the sweep sawtooth to improve the l inear i ty of the sawtooth c u r r e n t 
in the Increductor cont ro l winding. The back slope generator produces a l inear 
decay wave fo rm. 4 I t opera tes by charging C418 at a l inear r a t e . The voltage 
a c r o s s C418 follows the sweep sawtooth ve ry c lose ly because of the low impedance 
of the cathode follower action in tube V408-A. The drop-off at the end of the sweep 
sawtooth cuts off V408-A, then C418 d i scharges slowly through the s e r i e s c o m -
bination of R432 and the plate r e s i s t ance of V408B. 
A 6L6 power amplif ier , V409, is control led by two poten t iometers , R433 
and R456. The quiescent value of c u r r e n t flowing in the Increductor con t ro l 
winding is set by the bias control , R456. This, in turn, controls the frequency 
of the osci l la tor at the s t a r t of the sweep. The signal amplitude is cont ro l led by 
R433 which de te rmines the maximum c u r r e n t amplitude in the cont ro l winding. 
This es tabl ishes the frequency to which the osc i l la tor is r a i sed at the end of the 
sweep. 
The osc i l la tor , V410, ut i l izes a Colpit ts c i r c u i t . The frequency is va r i ed 
l inearly with range f rom 600 Kc at 15 mi l e s to 1.0 Mc at 25 m i l e s . The c i r c u i t s 
shown in this unit a r e capable of producing a 5:1 frequency change. The in-
creductor itself is capable of an 8:1 frequency change if the dr iver is capable of 
changing the control winding c u r r e n t from zero to 100 m a . 
The output of the osci l la tor is cl ipped to a square wave in the buffer s tage , 
then differentiated by C432 and R445. The differentiated signal is applied to the 
peaker stage where the positive portion of the s ignal is clipped, p r i m a r i l y by the 
c rys t a l diode which shunts R445, and secondari ly by grid conduction. The 
FIG. 16 SUBTENDED ANGLE CORRECTION UNIT 
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negative pulse is sharpened, amplified, and inver ted . Stage 10, V413, is b iased 
below cutoff to cl ip the wide base of the pulses and to remove any t race of the 
negative port ion of the s ignal . After further amplification and invers ion in stage 
10, the s e r i e s of pulses is then applied to the cathode follower output s t age . This 
s tage uses a s m a l l video peaking choke shunted by a c r y s t a l diode, which tends to 
dampen osci l la t ions that "would otherwise occur . This combinat ion gives the genera -
tor a low impedance output. 
The unit was adjusted for a pulse in terva l of 1.67 mic roseconds at 15 mi l e s 
to 1. 0 microsecond in terva l at 25 m i l e s . The unit proved to be s table , hour to 
hour , and day to day . Variat ion in the pulse per iod was much l e s s than ± 0 .1 
mic rosecond . 
Second Coincidence Amplifier 
The output of the subtended angle co r r ec t i on unit is fed through the ampl i -
f ier V8 and the osci l la tor pulse amplitude potent iometer , R44, to the gr id of the 
second coincidence ampl i f ie r . This amplifier opera tes in the same manne r as 
the f irs t , even to the undesi red negative output square wave . Some trouble was 
exper ienced with pick-up in this stage and therefore it was decoupled from B+ 
by R46 and C20 . The output is fed through C21 to a cl ipper stage which r e m o v e s 
the undesi red negative square wave and pas se s the negative pulses to V10; V10A 
amplifies the pulses and V10B is a cathode follower to dr ive the counter t r igger 
c i r c u i t . 
Tr igger Ci rcui t 
The t r igger c i rcu i t (F ig . 17) amplifies and shapes the pulses before apply-
ing them to a model 707A Berke ley decimal counting unit that has been modified 
from a base 10 to a base 16 counte r . The incoming pulses a r e amplified in V101A 
and V101B. The two sections of V100 serve as D. C. r e s t o r e r s on the gr ids of 
V101A and V101B. In a long s e r i e s of pu lses , the amplitude of the l a t e r ones was 
decreas ing due to the coupling condensers cha rg ing . To c o r r e c t this the D. C. 
r e s t o r e r s were inser ted to provide a short time constant d ischarge path for the 
condensers . Posi t ive pulses a r e then applied to the grid of V102. The pulse on 
the plate of V102 is approximate ly 45 volts in amplitude with a drop t ime of 0.1 
mic roseconds and a durat ion of 0 .8 mic roseconds . This pulse is applied to the 
modified Berkeley counter , Model 707A, which has four outputs providing 2 :1 , 
4 : 1 , 8:1, and 16:1 division r a t i o s , and also to r e l ay 2 to provide a 1:1 division 
r a t i o . 
The bas ic c i rcu i t u t i l izes a modification of the E c c l e s - J o r d a n t r igger 
c i r cu i t having two stable s t a t e s . There a r e four of these b inary units in s e r i e s . 
In the or iginal counting unit, a permuta t ing sys tem converted it f rom a sca le-of-16 
to a sca le -of -10 . The permuta t ing network was removed in the unit used on the 
in t eg ra to r . An output is provided after each s tage so 16:1, 8:1, and 4 : 1 , and 
FIG. 17 AREA INTEGRATOR TRIGGER CIRCUIT 
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2:1 divisions can be obtained. F r o m the plate of each of the four divider tubes 
there is a smal l coupling condenser and a r e s i s t o r to ground, to maintain as 
s m a l l and unvarying a load on the counters as poss ib le . The output with the de-
s i r ed rat io is se lec ted by re lays 3 and 4. When re lay 2 is energized, the input 
to the counter amplif ier is switched to the output of V102 without going through 
any division r a t i o . Relay 1 shor t s out the input to the counter amplif ier dur ing 
switching and print ing operat ions to prevent the noise generated by t r ans i en t s 
from being counted. 
The counter amplif ier is a conventional two stage video amplif ier with 
cathode follower output. It d r ives a Berkely type R-6 S digital r ecord ing s y s t e m . 
It is a 6-digit, sca le-of-10, digital recording sy s t em. The six decades count the 
number of pulses fed into i t . The unit will handle pulse per iods as shor t as 0.8 
microseconds and pulse lengths of 0.5 m i c r o s e c o n d s . Upon init iating the p r in t -ou t 
cycle , the dec ima l counting units a r e scanned and the numbers t r a n s f e r r e d to an 
adding machine type pr in te r where they a r e r ecorded on paper tape . The p r i n t -
out cycle takes about 0.8 seconds . 
P rograming Ci rcu i t 
The programing c i rcu i t , shown in figure 18, con t ro l s s eve ra l c i r c u i t s by 
using a 10-bank, 26-posit ion, spr ing-dr iven stepping switch. Section 1 of the 
stepping switch cont ro ls the b ias on the i-f s t r i p and thus d e c r e a s e s the sens i t iv i ty 
of the in tegrator in fixed s t eps . Note that the stepping switch has 26 pos i t ions , 
but only the f i r s t 25 contacts a re p resen t on banks 3 through 10. Sections 6 and 7 
of the switch cont ro l four indicator l ights, which tell the opera tor on which s tep 
the in tegra tor is opera t ing . Duplicates of these l ights a r e photographed by the 
c a m e r a so that a r e c o r d is made on the f i lm. Sections 8 and 9 a r e used to cont ro l 
relays 2, 3, and 4 in the t r igger amplifier c i r c u i t , which in turn de te rmine the 
count r a t i o . 
The timing sequence on which the stepping switch opera tes is as follows: 
A. Information is gathered from over network; i . e . , counts 
accumulated from the r e t u r n over ne twork . 
B. After antenna has scanned pas t the network it hits a switch 
which applies a momentary ground to pin 8 of cable A. 
C. Latch re l ay latches applying + 28 vol ts to in tegra tor non-
operate r e l ay (No. 1) and ground to antenna r e l a y . 
D. Antenna re lay energ izes momenta r i ly , applying + 28v to 
c a m e r a by pin 7 of cable B. 
FIG. 18a PROGRAM CIRCUITS 
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E. The c a m e r a shutter c l o s e s and film is advanced one advanced one f rame 
and a +28 volt pulse is fed back to pin 6 of B. 
F . Rotator coi l ene rg izes on +28v pulse from c a m e r a . The 
+28v pulse is a l so fed to p r in te r p r in t -ou t c i r cu i t by pin 2 of G. 
G. Rotator coi l de -ene rg i zes and step switch advances . P r i n t 
out beg ins . 
H. P r i n t out ends , sending a ground pulse back to pin 4 of G. 
I . Ground pulse unlatches latch re lay , de-energ iz ing r e l a y 1 
and allowing counts to be accumulated as antenna sweeps a c r o s s the 
network a second t ime . 
J . Cycle r e p e a t s . 
This cycle is repea ted until the step number se lec ted by the s tep l imi t 
switch is r eached . Then steps A through G a r e repeated; however, when the 
ro ta tor advances through step H, it has 28 vol ts applied to i t s coil through 
sect ion 2 of the stepping switch, the s tep l imi t se lec tor switch, and the i n t e r -
rup te r con tac t s . This causes the ro ta tor to ro ta te the switch through position. 
1 1 . On posit ion 12 through 26, the step l imi t se lec tor switch is bypassed , and 
the ro ta tor ro t a t e s the stepping switch through the remaining posit ions to 1. 
The holding r e l ay is de -energ ized on posi t ion 24 by section 4 of the switch. The 
c i r cu i t s then await the s t a r t of the next one-minute in te rva l . When the one-
minute t imer c l o s e s , +250 volts a r e connected through a 20 mic ro fa rads con-
denser and the pr in te r solenoid se lec tor switch to one of the eight keys on the 
p r in t e r , to designate t ime (the l / 2 hour number ) and the s t a r t of a minu te ' s 
da ta . Also, when the antenna re lay energ izes the 28 volt supply is fed to the 
holding re lay , energizing it, and s tar t ing another sequence. The holding r e l ay 
a lso c a u s e s the p r in te r to pr int the t ime n u m b e r . Only a single number is 
pr inted and i t is changed every l / 2 hour by the t ime pr in t stepping switch. 
EXTENDING THE AREA INTEGRATOR TECHNIQUE 
The bas ic technique used in the a r e a in tegra tor can be extended to a 
number of a r e a s , to a l a rge r a r e a , or a combination of both. The r equ i remen t s 
for extending the technique will be es tabl ished by the accuracy required, region 
of in te res t , and the number of s u b - a r e a s de s i r ed within the region of i n t e r e s t . 
Ope ra t ing Range 
The operat ing range of an integrator is r e s t r i c t e d at close range by the 
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ground r e t u r n . The far edge of the ground r e t u r n pa t tern should be the minimum 
operat ing r ange . The maximum range of the in tegrator is dependent upon the 
abil i ty of the r ada r to detect the minimum rainfall intensity, as well as the degree 
of accuracy requ i red . The in tegra tor can operate only on those s ignals above 
g r a s s level; therefore , distant s t o r m s producing weak signals will not be detec ted . 
Beam Width Effects 
The beam width mus t be cons idered . The r a d a r - r a i n f a l l equation upon 
which integrator operat ions a r e dependent is based on the assumpt ion that the r a d a r 
beam is filled to the half-power points . F o r sma l l echoes or r a d a r se t s with 
r a t h e r wide beam widths, (his assumpt ion may introduce apprec iab le e r r o r s a t 
longer r a n g e s . It would not s e e m prac t ica l to a t tempt any c o r r e c t i o n for this 
e r r o r , par t icu la r ly to a t tempt the design of an automatic co r r ec t ion c i r cu i t . 5 
At these ranges the rece ived signal is a summation of the r e t u r n from 
the upper portion of the s to rm, which will probably have cons iderab ly different 
reflect ivi ty than at ground leve l . If it is decided that only that por t ion of the 
echo below the freezing level be observed, then the useful range is l imi ted to 
that range at which the upper half-power point r eaches the f reezing l eve l . During 
the s u m m e r for the cen t r a l I l l inois a rea , the freezing level is about 15, 000 ft. 
F o r a 1. 5-degree beam width, the useful range will be about 80 m i l e s . F o r 
beam widths l e s s than 1. 5 d e g r e e s the useful r anges will be cor responding ly 
i n c r e a s e d . 
Range Squared Effects 
Of cou r se , r ange squared effect and subtended angle effect mus t always 
be cons idered . The range squared effect, if not c o r r e c t e d for, will produce 
considerable e r r o r fox s t o rms at c lose range or for samples of long r ad ia l 
depth. 
Size of Area 
A question that immedia te ly a r i s e s is what size of individual a r e a should 
be used when applying in tegra tor techniques to a number of regions of in t e re s t , 
or to a single large reg ion . The way the data is to be used after col lect ion will 
have considerable influence on the individual a r e a size selected for in tegra to r 
a n a l y s i s . The in tegra tor can a r r i v e at one quantity only, the amount of wa te r 
(acre f t . , gallons, e t c . ) that fal ls within a single a r e a . It tel ls nothing about 
the a r e a l extent of the s to rm within that a r ea or the rainfall d is t r ibut ion within 
the s t o r m . F o r example, a s s u m e a 5, 000 square mile a r e a and an intense s to rm 
which covers only 1,000 square m i l e s of this a r e a . The in tegra tor wil l a r r i v e at 
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the total amount of water that fell on the 5,000 squa re m i l e s , but it wi l l not tel l 
where it fell in the a r ea , or how la rge a port ion of the 5, 000 square mi le a r e a 
rece ived prec ip i ta t ion . It could jus t as well have been a light, genera l ra infa l l 
covering the en t i re 5, 000 square mi les as far as the in tegra tor is conce rned . 
If a more detailed p ic ture of the rainfal l is needed, the 5,000 square m i l e 
a r e a can be subdivided into a number of sma l l e r a-r-eas, say-fifty 100-square m i l e 
a r e a s . The in tegra tor can then indicate the total amount of water that-fell in e a c h 
one of these 100 square mile sect ions , and a m o r e detai led rainfall pa t t e rn wil l be 
obtained. F u r t h e r subdivision wil l provide increas ing ly g rea t e r deta i l in the r a i n -
fall pa t t e rn . However, a p r ac t i ca l l imi t will be se t by a combination of the r e q u i r e d 
rainfall pa t t e rn accuracy , r a d a r beam -width, range resolut ion, and c i r c u i t r y and 
components to handle the d e s i r e d number of a r e a s . 
Some rough computat ions were made on evaluating a r e a s within a r a d i u s 
of 150 m i l e s . Table 5 is a tabulation of some of the data . Column A is the 
rad ius , B the total a r e a inside the rad ius and C the a r e a of the annular r ing 
between the radius and the rad ius minus 10 m i l e s . Column D l is ts the number of 
degrees of scan r equ i r ed for a sec tor a r e a of 100 square mi les which l ies between 
the rad ius and 10 mi les ' l e ss than the rad ius shown in Column A. The number of 
100 square mile subdivisions within each annular r ing of 10 mi les r ad ia l depth 
and outer r ad ius A a r e tabulated in Column E. Column F is s imi l a r to Column E 
except a 400 square mile a r e a with 20 mi le rad ia l depths is used ins tead of a 
100 square mile a r e a and 10 mi le depth. Computat ions were made for the a r e a 
beyond 40 m i l e s only. The total at the bottom of E indicates the total number of 
100 square mile subdivisions r equ i red for in tegra to r m e a s u r e m e n t s at a l l points 
within a 150 mi le r a d i u s . The total of F is similar, , except 100 square mi le sub-
divisions a r e used out to 40 mi l e s and 400 square mi le subdivisions the rea f te r . 
The totals l i s ted under Column E and F indicate the large number of sub-
divisions obtained if a large a r e a is to be divided into smal l subdivis ions. Ra ther 
complex computer techniques and c i r cu i t s will be r equ i red to handle separa te in-
formation from 600 to 700 subdivis ions. Also„ noting Column D, it is seen that 
a 100 square mi le a r e a of 10 mi l e s rad ia l depth only subtends a ve ry few d e g r e e s 
beyond 100 mi l e s , and the beam width effect will reduce the accuracy of opera t ion 
on smal l subdivis ions . 
Range Resolution 
The range resolut ion requ i red will de te rmine the pulse frequency for the 
in tegra tor osc i l la tor . The accuracy of the rad ia l depth measu remen t of the 
integrator will be dependent upon the pulse in te rva l . If a range resolut ion of 
l/10 mile is requi red , a pulse will-be n e c e s s a r y for every 1/10 mile radia l 
distance, so that the rad ia l depth of the echo will be m e a s u r e d to approximately 
± 0.2 mi l e , However, using a fixed frequency will r e su l t in cons iderable e r r o r 
due to the aub tended angle changing as the range of the echo changes . A range of 
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20 to 160 mi les will r equ i re that the per iod between pulses be varied over an 8:1 
r a t i o . If l /10 nautical mi le - (1 .23 mic roseconds period) is se lec ted as the max i -
mum period between pu l ses , which wil l be at 20 mi l e s , the minimum per iod at 
160. mi l e s will be l / 8 0 m i l e (0.154 mic roseconds ) . This 8:1 per iod var ia t ion , 
which is a l inear function of range , is re la t ively easy to obtain with an e lec t ron ic -
ally control led inductor, such as the Increductor descr ibed in the subtended angle 
co r rec t ion unit d iscuss ion. 
TABLE 5 
COMPUTATIONS FOR EXTENDING INTEGRATOR TECHNIQUE 
A B C D E F 
Radius Area 
Sector 
Area 
D e g r e e s / 
100 sq. 
mile 
a r ea 
No. of 
a r e a s 
10 x 10 
mi l e sq . 
No. of 
a r e a s 
20 x 20 
m i , sq. 
10 314 114.5° 
20 1,257 943 38.2 9 
30 2,827 1, 570 22.9 16 
4 0 5,027 2,200 16.3 22 
50 7,854 2,827 12.8 28 
60 11,310 3,456 10.4 35 16 
70 15,394 4, 084 8 . 8 4 1 
80 20,106 4 ,712 7 . 6 4 7 22 
90 25,447 5,341 6 . 8 53 
100 31,416 5,964 6 . 0 60 28 
110 38,013 6,597 5 . 5 66 
120 45,239 7,226 5 . 0 72 35 
130 53,093 7,854 4 . 6 79 
140 
150 
61,575 
70,686 
8,482 
9,111 
4 . 2 
4 . 0 
85 
91 
4 1 
Total 704 189 
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